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PREFACE 

T'nis r e 2 o r t  su2ersedes GrurrJrian Report Eo. ASR 378-i, "Supporting Data f o r  F i n a l  Pre-  
s en ta t lon" ,  and presents  t h e  r e s u l t s  of t h e  s tudy  conducted by t h e  Grumian Aircraft  
Zngineering Corporat ion under Addenduni 1 t o  t h e  LEN U t i l i z a t i o n  Study (Cont rac t  NAS 
9-3681) f o r  t h e  Kat iona l  Aeronautics and Space Adminis t ra t ion ,  Manned S p c e c r a f t  
n - - + - -  m'm- Pnl l m . . : m n  P - ' - r s  t r n l r r m n c  nf imr i r ;  C P  t h e  repcrt: 
b C L l l r C A  . A 1 1 C  A U l r U W r A r g  A A V L  V V I u L 0 b . u  % . ~ & r n p L . ~ U b  

Volume 1 - General ,Engineering S tudies  ( C o n f i d e n t i a l )  

Volune 2 - Fyight  Niss ion  and Configurat ion Descr ip t ions  f o r  NASA Experiment 
Groupings (Conf iden t i a l )  

Volute 3 - F i i g h t  Mission and Configurat ion Descr i2 t ions  f o r  A i r  Force 
KOL Zxperiment Groupings (Secre t  - S p e c i a l  Access Required) 

Volune 4 - I d e n t i f i c a t i o n  and Descr ip t ion  of  NASA Experiments (Unc la s s i f i ed -  
O f f i c i a l  Use Only) 

Volune 5 - Cost and Scnedule Analysis ( c o n f i d e n t i a l )  

The b a s i c  WL U t i l i z a t i o n  Study I s  concerned wi th  ex2lor ing  t h e  p o t e n t i a l  uses  of 
t h e  Lmar Excurslon Xodule (LEX) f o r  &S (Aijoilo ZxtensLon System) missiocs  beyond 
t h e  i n i t i a l  l una r  k n d l n g .  The following conf igu ra t ions  a r e  being inves t igb ted :  

'LEV k b  - t o  be used i n  Earth or lunar  o r b i t  as a l abora to ry  module for 
;;eriocs u? t o  45 and 28 d a y s ,  r e s p e c t i v e l y .  

L3: S h e l t e r  - t o  be used as a n  umanned l u n a r  l o g i s t i c s  v e h i c l e ,  u s ing  t h e  
LElY ?scent  s t a g e  as a lunar s h e l t e r  and providing suppor t  f o r  two men f o r  
s e r i o d s  up t o  14 days .  

Zxtexie ' i  iz;~; - t o  be mea as  a personnel  c a r r i e r  f o r  LEX S h e l t e r  z l s s l o n s ,  
ar.6 be cb?able of  qu iescent  s t o r a g e  on t h e  luna r  su r face  f o r  per iods up t o  
;& dtiys. 

S X  Truck - t o  be used as an unmnnec iuna r  l o g i s t i c s  v e h i c l e ,  ?rovidir ,g a 
xore  v e r s a t l l e  payl0;A c a p b i l i t y  t h i n  t n e  LEX S h e i t e r .  
t i o n ,  t n e  a s c e n t  s t a g e  i s  renoved, and t h e  subsystems r equ i r ed  f o r  the 
t r a n s i u i a r  and landlog  mission phases a r e  loca ted  i n  t h e  descent  s t a g e .  

i n  t n i s  c o n f l g m a -  

k & e n d u s  i t o  t h e  b a s i c  c o n t r a c t  was only  concerned wi th  t h e  LEX Lab f o r  Ea r tn -  
o r b i t  misslons as i n t e g r a t e d  with the  CSM i n  t h e  fo i lowing  s p a c e c r a f t  conf igura-  
t i o n s  : 

0 For 14-aay missions - a bas ic  Block I1 CSM wi th  a LEM Lab f o r  t o t a l  e x p e r i -  
ment mission sup;?ort .  

For 3C-and 45-day missions - a n  Apollo-X CSM (as descr ibed  i n  t h e  f i n a l  
r e ? o r t  t o  Cont rac t  NAS 9-3140) with a LEI? Lsb f o r  t o t a l  experiment mission 
sappor t .  

0 

This  i s  r e f e r r e d  t o  as Conf igura t ion  "C". 



P-2 

t 

i r  

! :  

i L d  

0 For 30-and 45-day missions - a modif ied Block I1 CSM wi th  a L E M  Lab f o r  
t o t a l  experiment mission support  and ex tens ion  of CSM l i f e  suppor t ,  e l e c t r i c  
power, and a t t i t u d e  c o n t r o l  beyond approximately 14 days.  
t o  as Configuratior.  "D". 

This i s  referred 

Tne s tudy  e f f o r t  was coniposed of tasks w i t h i n  t h e  fo l lowing  major areas: 

o Experiment d e f i n i t i o n  

0 S2acecraf t  d e f i n i t i o n  

0 Cost and schedule  a n a l y s i s .  

Conce2tutil des igns  were developed, where necessary ,  t o  adequate ly  d e f i n e  t h e  s e l e c t -  
ed expe r i aen t s  t o  enable  i n t e g r a t i o n  i n t o  t h e  LEM Lab. 
t i o n  of  such f a c t o r s  t i s :  

This  included t h e  d e s c r i p -  

0 S i z e ,  w e i g h t  and power 

0 ?referred o r b i t ,  o r i e n t a t i o n ,  and s p c e c r a f t  l o c a t i o n  

0 A t t i t u d e  accuracy and s t a b i l i t y  

0 Set-up,  c a l i b r a t i o n ,  and duty-cycle 

e C r e w  skills and t ime 

0 Contro ls  and d i s p i a y s  

e Comunica t ions  and data handl ing 

SpacezrLf t  conf igu ra t lons  were tnen  d,:fined for t h e  s e l e c t e d  experiment groupings.  
Lich aissiox was analyzed t o  e s t a b l i s h  t h e  experiment u t i X z a t i o n  p r o f i l e  and as- 
soc la te? .  c rev  schecule .  This provided t h e  f u n c t i o n a l  requirements from whicn the 
sG??GrtIng s p c e c r a r ' t  subsystems were configured.  
spxscraf t  s u b s y s t e m  were then  i n t e g r a t e d  i n t o  t h e  L;EM Lab t o  provide a spacec ra f t  
deslg:n cagable  of meeting the mission ob2ec t ives .  
f o r  each  lk-day mission.  Two conf igura t ions ,  "C" and "D", were developed f o r  each I 

aission exceeding 14 days ,  

The ex?eriment pac'mge and 

One conf igu ra t ion  was developed 

A c o s t  ana schedule  a n a l y s i s  was a l s o  made f o r  each U h I  Lab f l i g h t .  
inc luded  : 

Tn'is a n a l y s i s  

0 Design and developaent  c o s t  f o r  t h e  b a s i c  LEM Lab 

0 Addi t iona l  des ign  m d  development c o s t  unique t o  each f l i g h t  

o Product ion c o s t  of each i n t e g r a t e d  Lab 

0 b u n c h  suppor t  cos t /yea r  * 

e Program schedule  



1 INTRODUCTION 
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This r e p o r t  conta ins  the  c o s t  and development schedule  data f o r  spacec ra f t ,  
spacecraf't  n o d i f i c a t i o n s ,  and experiment i n t e g r a t i o n  i n  accordance wi th  the re- 
quirements of Cont rac t  NAS 9-3681 - Addendum 1 t o  m u t i l i z a t i o n  Study. 
budgetary es t imated  c o s t s  and schedules presented h e r e i n  are f o r  planning pur-  
poses only. 

?lie 

Cost/Schedule Data are based on fol lowing gu ide l ines ,  assumptions and con- 
d i t i o n s  : 

e 

0 

0 

0 

0 

0 

0 

0 

0 

' 0  

0 

0 

All c o s t s  are expressed i n  C.Y. 1965 d o l l a r s  (no e s c a l a t i o n ) .  G. & A. 
overhead is included i n  a l l  c o s t  numbers b u t  fee i s  excluded. 

3 e t r o f i t  modif icat ion from completed I;EM S/C f o r  a l l  flights t h r u  ~ 0 . 8  
(219). Production l i n e  modif icat ions and bui ld-up f o r  F l i g h t  9 (221) and 
subsequent and a l l  D.O.D. f l igh ts .  Estimated c o s t s  f o r  product ion l i n e  
modi f ica t ion  of f l i g h t s  1-8 are a l s o  provided. 

No i n t e r f e r e n c e  w i t h  t h e  Apollo program. 

The AES f l i g h t  schedule was used t o  prepare the development program and 
c o s t  phasing. 

The DOD f l i g h t s  occur a t  two month i n t e r v a l s  subsequent t o  the NASA AES 
program. 

The f i rs t  AES f l i g h t  w i l l  be a b a t t e r y  powered l a b .  

The development program i s  d i r e c t e d  toward meeting the gene ra l  r e q u i r e -  
ments of the LFX Lab f o r  a l l  t h e  missions and i n  p a r t i c u l a r  f o r  f l i g h t  2 
( 211) and suPsequent . 
The v a r i a t i o n s  i n  l a b  conf igura t ion  as a f u n c t i o n  of the CSM I, C o r  D 
conf igura t ion  are not  s i g n i f i c a n t  t o  warrant a s e p a r a t e  des ign  and de- 
velopaent of S/C modif icat ions f o r  each. 

The avai labi l i ty  of - 3 4  t e s t  a r t i c l e s  is  based on the proposed LEM Pro- 
gram Schedule 33A of 3/29/65. 

Fabr i ca t ion  ana assembly of a d d i t i o n a l  t e s t  a r t i c l e s  f o r  t h e  LEK Lab pro- 
gram were phased i n t o  the IZN program where openings now e x i s t  t h e r e f o r e  
would no t  i n t e r f e r e  w i t h  the  basic Apollo program. 

As requi red  i n  t h e  Thermal-Vacuum (TV) demo t e s t  program8 a t  MCS, f l i g h t  
type experiment hardware w i l l  be made available f o r  i n s t a l l a t i o n  and 
i n t e g r a t i o n  i n t o  t h e  laboratory.  

A thorough pre l iminary  design and 6ome development t e s t i n g  of r a d i a t o r s  
w i l l  be performed p r i o r  t o  t h e  AES program. Costs of t h i s  D. & D. ef- 
f o r t  are not included here in ,  
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Requa l i f i ca t ion  of LEM subsystem hardware used on t h e  LEM Lab w i l l  no t  
be requi red  f o r  t h e  launch o r  ambient environment, Tes t  f o r  l i f e  en-  
durance w i l l  be conducted. 

The cryogenic s to rage  and feed system and t h e  power genera t ion  s e c t i o n  
used on t h e  CSM does not  requi re  subassembly r e q u a l i f i c a t i o n  f o r  i n -  
t e g r a t i o n  i n t o  t h e  L E M  Lab. 

Vio la t ion  of t h e  7ressure  ves se l  i n  r e t r o f i t  modif icat ions w i l l  be 
v e r i f i e d  on a t e s t  a r t i c l e  and accepted on t h e  f l i g h t  a r t i c l e  wi th  a 
proof pressure  t es t .  No v i o l a t i o n  w i l l  a f f e c t  t h e  s t r u c t u r a l  i n t e g r i t y  
of t h e  a scen t  s t age .  

So lu t ion  t o  t h e  RCS t ank  bladder permeation w i l l  be  solved f o r  t h e  LEM 
program and meet t h e  requirements of t h e  long du ra t ion  LEM L a b  programs. 

U t i l i z a t i o n  of t h e  CSM inve r t e r  i n  t h e  LEM Lab i s  compatible with t h e  
power d i s t r i b u t i o n  s e c t  ion,  

Development Spares,  DIGM (Development & Support Material) f o r  suppor t  of 
f a b r i c a t i o n / t e s t i n g  of production a r t i c l e s  u n t i l  acceptance,  have been 
included i n  t h e  amount of two (2) sets of LEM Lab-unique a r t i c l e s .  

Opera t iona l  Spares f o r  support of product ion a r t i c l e s  after acceptacce ,  
have been included i n  the amount of t h r e e  ( 3 )  sets of LEM Lab-unique 
a r t i c l e s  - one (1) each for E.T.R., Grumman, and Subcontractor .  

LEN subsystem equipment which is not  modified f o r  LEM Lab use  w i l l  have 
adequate support  from Apollo program. 

Log i s t i c  silpport (G.S.E., Spares,  Pub l i ca t ions ,  Tra in ing  and T r a i n e r s )  
f o r  t h e  experiment packages i s  not  included.  

Simulation equipment f o r  subsystem ( v e h i c l e  v e r i f i c a t i o n  is not r equ i r ed  
from Grummn f o r  experiment f a b r i c a t i o n / t e s t i n g  . 
ALL LEM GSE which i s  common t o  LEM Lab w i l l  be a v a i l a b l e  f o r  use.  
c o n f l i c t  i n  schedules  o r  quant i ty .  

(No 

Four (4 )  sets of a l l  modified o r  new GSE w i l l  be requi red .  

O n  a l l  r e t r o f i t  LEM spacecraf t  d o l l a r  c r e d i t  w a s  taken f o r  a l l  reusable  
subsystems and subassemblies removed. A table  of t hese  c r e d i t s  i s  pro-  
vided f o r  use i n  t h e  event tha t  t h e  assumption of such c r e d i t s  is  i n -  
v a l i d .  

Tnis  c o s t  a n a l y s i s  has been performed on a n  assumed program that c o n s i s t s  
Late i n  t h e  s tudy  e f f o r t ,  Grumman was reques ted  o f  l'j NASA and 6 DOD f l i g h t s .  

t o  inc lude  a d d i t i o n a l  t e c h n i c a l  data  on one more NASA f l i g h t  ( f l i g h t  no. 16)  and 
s e v e r a l  more DOD f l i g h t s  (nos. 7,  8, 9 & 10.) 
f l i g h t s  was not  requested.  

However, c o s t  da t a  on t h e s e  
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F igure  3 

Descr ipt ion S/C Mods 

Configuration 1 

Table 2-1  l i s t s  t h e  d r y  weight of the  (1) present  LEM, ( 2 )  t n e  b a s i c  L,Dl Lab, ( 3 )  
t h o s e  po r t ions  of t h e  LZN Lab i d e n t i c a l  t o  t h e  e x i s t i n g  LEM 94) those  p o r t i o n s  of 
t n e  -&i Lab which are modi f ica t ions  of the  p resen t  LEN, ana ( 5 )  t hose  pori iur is  of 
t n e  LE24 Lab which are new. 

T a b l e  2-1  

Weight Breakdown Basic  LEM Lab 

Sub system 

S t ruc  t u r  e 

Crew System 

Environnental  Cont ro l  

E l e c t r i c a l  Power 

S tab .  & Contro l  

React ion Cont ro ls  

C omun I ca t ion  s 

Guidance & Fiavigation 

I n  s t r u c e n t a t i o n  

T o t a l  3 ry  Weight 

- 
L .  Present  

LEM* 

294 3 

548 

324 

1448 

89 

349 

12 3 

321 

196 

1619 

7960 

2 .  T o t a l  
L a b  

5186 

3. LEM 
E x i s t i n g  

1 4  87 

45 

164 

415 

43 

349 

2 

- 
84 

- 

2589 

4 .  LEM 
Modified 

880 

5. N e w  

~ 

1717 
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cover :  ,ig b a t t e r y  chacge. 



c ._ 

... 
$ s .  

- .  

L. 

-. 

I 1-. 

I t ;  

n L -  - 

a 
Ill 

n 
n 
X u  
W 

n 
CY 
0 a 

W 

h cu 
v 
Ln 0 cu \o . 

cu 
I I I  I I  

0 0 0 0 f 0 0 0 d 0 0 0 C  r l m  0 0 4  . .  
I I 

. .  
I I  

* 

d 
I I  I I I I  I 

rl cu 

* 
n $ *. - 

. c ,  
m 
rl 
0 
k 

4J 
C 
0 
V 
C 
0 

.rl 
Q 
V 
Ld 
3 
p: 

d 
c, 
r: 
0 
V 

d 

$ 
C w 

t 



r? w 

f 
6.. 

u 

1) 

L7 
4J 
0 
0 u 
rl 

2 
W 

n 
h 

x u  
W 

i' * 

I * :  I 

I& e 

0 
rl d l  

7 . 
-l 

J 

0 
0 
In 
rl 

, 
.* 

/ 

* .  



32 

. c  

'--? 

L 

Y 

). -., 

w 

no 
i. i 

n 

W 

E 
L) 
c, 
m 
x 
G 
Ll 
I rn 

iij 

I I l l l l d  

ie I 

r l \ O r r , \ D \ O r l d O \ D O v 3  r - f n  

? ? ? ? ? ? ?  0 < ? ?  . 

* 
n - E  **- 
rl . u .  



33 

m 
a, 
k 
(d a 
m 
- 
n a 
+ v 

h 

4 
W 

t - O U l 3 f r l z f a 3 r i m c - M O  
c - 0  (u cn 0 0 t o  0 . 0 . 0  rl . . . . . , . . .  

rl 
I I 

ie 

o o o o L n o o o r l o o o o  
0 o r l  C U . ?  

I I 
. .  
I I  

M 
0 

3 

-e 

i L -  
I 

+e 

rl 
I 1 1 1 1  

n 
c, 
m 
0 u 

,* r - 
t 
i 
1 .J 

c - w  M U  M r l  r l o u  0 c - m  0 o o r l  9 . . .  (3 0 0. 0. 0. . .  M 
3 

rl 

-e 
- 

cu 
0 
v3 
rl 
-e 

. - .  
f 

6 .-- -e 

€ -  
a 

i L 
1 

* 
c, 
*. 
% 
c8 

M 
il 

I-! 

P-l 
to 
0 
F! 
PI 

- 
k 
M 
a, 
c, c 
H 

c, 
c 
2 
.d 
k 

B w 

nn 
x 
W V  

E w 
4 
CG 



, I 

io 
i 

o o o o o o o o r l o o o o  
d M  O d  . .  . .  

I 1 1  

5n 
a c i  

I I I ?  

n 
e 
rn 
0 
V 
E 
0 
M 

~ u M u M d ~ o u o a 3 ~ c h  
L n 0 0 0 0 0 ~  0 0 0 . 4  . . . . . .  . . .  R "- 

i L- 

! u ,--- 

I 
1 -- 
j :-. 
i u  

- 

E 
e, 
i, 
[I) x cn 
3 
a, 
L 
V 

- 

k 
M 
a, 
+J 
C 
H 

c, 
Lz 

E 
'r i  
k 

?? w 



35 

cu 
I I I I  I I 

-e- 
I 1 0  
1 

l e  o o o o ; f o o o r l o o o o  
? ?  or4 0 . .  

I I  I I 

-e- 

I 

-e- 
I I I I I 

rl 
I 

I 
i 
i--- 

k j  -e- 

f 0 
d A I  

! 
I * u 

j: *.-- 
n . c , .  

01 rl 
W 

nn 

W V  
X M 

L w 
k 
h3 
al 
c, 

rl 
0 
k 
c, 
c 
0 u 
B 

c 
a, 

E aJ 
4 * * 

a, s 
0 

E 
a, 
.+J 

hD 
c 
rl 
P4 

c 
0 
'd 
0 
4 
2 a 
0 
t 
P i  

11 
x 
01 
13 
3 
C'l 
I 
C 
0 z 

c, 
C s 
!? 

'4 
k aJ 

w 

0 x m , .  
L 
c, 
V 
a, 
rl w 

V 

c, 
2 $ 

k 
V 

I '  

'u 



36 

t b  . .  
W 

* * 

0 0 0 0  0 0  0 0 ~ 0 0 0 0  
d M  o r l  . .  . .  

I I I  

ti 
M 

I 

+e 

* 
n 

r-a 

MM 
I 1  

+e 

01': 
W 

- 
0 
0 

d 

14 - 

cu 
0 

w 
d 

+e 

! 

-e 

* * 
, L;' 

Lw- 

l -  

- 
L- 

O 

c *' 

I 
d 

nn 
X 
ww 

c 
0 
*A 
c, 
cd 
c, c 
e, 
E 

+J 
m 
c 
H 

2 

E 
e, 
Q c 

0 
*d 
(0 
rl 

la 
P 
& 

r L  2 
D 
I 
cl) 



1 
v) 
a, 
k 
id a cn 

n 
0 
CJ 

n 3  
ld 2 %  Ldcu 

I 
n a 
W + --. 
4 
W 

* 
n 

Mcn cu.? 
*- 

n a 
W 

rl 
c, 
I) 
7 
rn 

I 
rl I-i 

* I I I I  

v) 
I) 
7 cn 

c 

\ 

rl 

2 

h 

0 0 0 0  L n 0 0 0 ~ 0 0 0 0  
c u m  0 0 4  . .  

I I 
. .  
I I  

. , . . . . . . . . 
wrl I-i 

I I I I I I I  
-€e -- 

I ,  

b M  

c 
fl 
E 

k u 
5 
- 

-69 

c u r l  r l d  rl cu I .  

D L. 

- 7  

w 
nn 
X 
w w  

v) 
rl 
0 
k 
c, c 
0 
V 
c 
0 
.d 
c, 
V 
ca 
2 

M 
c w 
E 
a, 
i-, 
rn 
3 
D 
3 cn 
I 

E U 

;r. 

k 
bil aJ 
Q 
c 
H 

c, c 
Q, 
E 
.d 
L4 
aJ 

w @ 

rl 
0 
k 
c, c 
0 u 
4 

13 
cd 
4 cn 

rl 
Q 
C 
0 
V 

rl 

E L 

w 

E 
0 
c, 
L1 
x 
v) 
13 
7 rn 

E 
c, 
(I) 
x 

rJY 

3 

V 

5: 
2 
Y s 

a) 

c, 

cn 

. n 



38 

*! 

1 

p: 
L.. 

, .  

.. d 

nn 
X 

ww 

t: w 

* 
h 

0 nV).r-cu \o rl 0 4 0 0 0 0 
a3 m q  0 0 0  0. 0 . .  e . .  

te 

* 
3 m i-lr-u ul cu 0 c \D nzrl ul Ln 0 a3 0 0 0 0 

nl . . . . . . .  
r l r l  

W 

+e 

rl 

+e 

+e- 

* 

c 
0 
*ri 
c, 
id 
c' 
C 
aJ 
E 

c, m 
C 
H 

z 
- 

\D 

M 

+e- 

.; 



39 

G 

ap 
tLJ 

- .  
i u  

r. - - 
rl U 

-b3 
i '.. .. 

I L... 

I-'  

L; 
rl 
0 
k 
c, 
r; 
0 
u 
C 
0 
*d 
c, 
u 
ld a 
p: 

P 

f3 
G 

0 
t :  
L' 



0 

d 
0 

H 

2 

-n 
X 

W V  

JC JC * 
n n n  

Ch 0 t -co \DF o w  4 0  4 0 0 r 3 . 0  c o m o o o o o  0 0  0 . . . . . . .  . .  
W V W  

* 
A 

v 

a 
0 
*-I 
e 
cd 

+J a 
2 
2 
a e 
H 

40 

' I  



41 

* 
A 

ak -.- 
cu 0 L n \ o - z c o  0 rl 0 r( 0 0 0 Q 
" : ? ? ? ? ?  . ?  9 

U 
+ 
0 
C 

t 
S 

c 

r 

! 

'c 
E 
i 

T 
r 
C 

W 

ee 

tl * 
n 

f M cu . .  y 
r-ie 

.-I 
H 0 

k 

, . I  

:. i.. 

L. .--- d 

* 

L 

1' . 
L L - ,  

i 

I L  

I L' 

ffl 
d 
0 
k 
-9 a 
0 u 
a 
0 

.A 
-9 u 
$ 
G - 

4 
W 

5 

i 

2 
d 
e, 

a a 

.-i 
0 
k 
c, a 
0 u 
d 

f 
Q m 

2 
U 



42 

* 
h 

* 
n 

uu 3 
d 

cocu 3, . .  
v 

o g  

0 4  
0 

oco cu 

0 

0 

0 

z 

0 

0 

m cu 

0 

0 

C 
7 

C 

0 

* * 
n 

cuo d 
? ?  9 
U v 

3 

W 

* 
I 

f 
I- 

. --* 

-- 
ww 

X 

! 



- 0  
43 

Cr 

d n 

E 

t 

* * 
n n cu 0 Ln ma. 0 \D\D -I 0 4 0 0 0 0 

t " ? ? ? ?  9 9  9 9 
i! 1 
6 '  

Y * 

P 
b 

drl - - 
W 

+e 

* - 
a cu W 

if3. 

I.. Z . . .  

cu 
0 
4 

e 

9 

- 

d 
E 

I , -- 
1 '  
i tr: 

+e * 
-n 

X 
W V  

m 
4 
0 
k 
4 c 
0 u 
a 
0 
.d 
i-, 

8 
a" 



44 

-1 

* ~ o C U n u 3 o o 4 o r - l o ~ o  h 0 

9 9 0 0 0, . .  
W 

"! 

e3 

fl 
e3 

, '. .. 

-n 
x 

ww 



45 

* 
h 

cu 
#3- 

o \ o L n L n  4 ) 0 r 1 0 4 0 0 0 0  
? " ? ? ?  9 9 4 

* 
A 

n 
c, co 
0 u 

. .  

i? 
c, 
Lo x m 
0 
2 

0 
rl 

b .  

f .  
? . .  
i L 
I 

3 
h 
u r -  I I $ $  

I u 
I 'nn 

x 
ww i :"1 

' t  rl 
0 
k 
.Q 
d 
0 u 
d 

P 
cd 
+J 

M 

. 
- 

FP 

ii 



46 

a 

'@ F 

5 -  

._.I 

nn 
x 

ww 

0 
r-4 

m o n k  ~ 0 r 1 0 4 0 0 0 0  
m m o . 0  . .  0 9 ? 

* 

tft 

c u r l  4 cu 

.Q 
rn 
x rn 

2 
k u 

k 
h: 
Q) 
iI, 
U 
H 

+J a 

H 



47 

n 

Io 
c, 
v1 
0 u E m o m n  ; t o . r l o - I o o o o  

0 ? ? ? ?  ? ? 
W ii 

* 
o o m m u l  0 I n 0 ~ 0 0 0 0  3 m c u L n 8  cu 

c9 
t.: 

. . . .  . 
d2 

E r "  

_.. 
rl 

€e- 
L "- 
E 

! 

, e- 

, - .  
I 

n 
4 
W 

V W  

2 w 

, L' 



48 

3 

c 

cu 0 0 d 0 d 0 0 0 0 
? t ‘ ; c ? ? ? 9  0 

* 

rl 

. _- 
I C .  

.- . 

, *  .. .A 

s L, 

I 

r q  
t 



49 

a 
0) 
cd m 

in 
0 u 

. I  
d ' c u  0 Ln 0 rl 0 d o  0 0 0 st\  9 9 9 9 0 0 

I 

v) 

c 
0 
4 
4 u 
3 

I 

I 
1 .  

'51 
k a 

- -  h 

% 
0 u 

N 
3 ?... 

il L.. 

h 

, I-, 

rl cu 

w 
4 

'-3 

ir 

. I  

-. . 
I 1  

-i 



F 
t 

. .  

L U  

, 
- 

1 L..i 

J 

' h  

VI 
c, 
VI 
0 u 
4 

W 

X 
ww 

0 
d 
ri 
0 

9 

N O ~ a 3 f 0 r l 0 r l 0 0 0 0  '"???9 9 9 

+e- * + 
A g. 3 

E 
ri 
d 
u 
d 
k 
i' u 
0 
ri w 



t 

_- 

- -I 

I 1 -- 
c 
i -  

n 

l n 

I I W 

rn 

n a 
\ 

W 

r- I I 

W 

u3 
I 

W 
L n  

J 

m 

C U I  
I 

I 
m n 



52 

* * * 

n 
M 
4 In 
\3 
W 

" *. . 

~ ^. . * f 

r i. 

Y -.. 

i L_ 

+-J LG 

0 u 

tn u 
0 



3 

Diotes : 

1 1.1 

Figure 5 

G-perat ions  Phase 

Launch Rate 
Pe r  Year 

3 
4 
5 
6 
7 
8 
9 

10 
li 
12 
13 
1 4  

( $  i n  M i l l i o n s )  

Averag 
m 

~~ 

$4.23 
3 -87 
3.43 
3 - 1 5  
2.92 
2 *79 
2.68 
2.60 
2.58 

2.63 
2.64 

2 -57 

Cost/Launch 
Avg. AES Vehicle  

$3 59 

2.92 
2.68 
2.48 
2 *39 
2.28 
2 . 2 1  
2.19 
2.1.3 
2 -23  
2.24 

3 -29 

(1) Tne above launch c o s t s  are h igher  tnan  t h o s e  s u o m i t t e d  i n  suppor t ing  . 
data f o r  f i n a l  p re sen ta t ion  due t o  a n  a r i t h m e t i c  e r r o r  i n  t h e  
o r i g i n a l  work-sheets.  

The above c o s t s  inc lude  f i e l d  e'xpense, r e l o c a t i o n ,  and t r a v e l  c o s t s .  

Tne AES Vehicle  Launch c o s t s  are based on no over lap  wi th  LEM l aunches .  
If t h e  l a t t e r  occurs  t h e  LEM ra te  a p p l i e s  u n t i l  t h e  inter-mix of 
launches i s  completed. 

( 2 )  

( 3 )  

Addi t iona l  Non-Recurring Costs  
(14 m ' s / y r )  

To acnieve  a product ion rate of 1 4  LEM's/year t h e  fo l lowing  a d d i t i o n a l  non- - 
r e c u r r i n g  c o s t s  would be required:. 

Tool ing:  $ 0.3 B r e a k  P o i n t s  : Grumman 
Subcontractors  15.m 

15.7 ~ / y r .  

A t  Grumman $32 *7M S t r a i g h t  Line 
A t  E.T.R. 1.OM Inc rease  6-12/yr. 

G.S.E. ( I n c l .  STE) 

$ 3 3 . 7 ~  NO i n c r .  ~ - 1 4 / y r .  

A d a  '1. T r a i n e r  $ 5.OM i o / y r .  

lO/yr.  

T o t a l  $54.4 

P l u s  (1) a d d i t i o n a l  GFE ACE S t a t i o n  ( c o s t  not  known) 

F a c i l i t i e s  - Xo GOA.-Funded a d d i t i o n a l  f a c i l i t i e s  would be r e q u i r e d .  
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I 1  2 3 4 5 6 T o t a l  
F ig .  1 /$28.g 46.2 17.3 11.5 7.5 4.0 $115.4 
Fig. 2 14 .1  28.2 30.8 24.5 21.2 14 .2  133.0 

LEM Lab Cost Summary 
Design & Development 

($ i n  M i l l i o n s )  

S/C Modifications (F ig .  1) : 

Engineering, Development Support, & Major Test Item Fab . . . .  $75.37 
G.S.E. 31.54 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T r a i n e r s ,  TrtLining, P u b l i c a t i o n s .  . . . . . . . . . . . . . . .  5.62 
T o o l i n g . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  2.83 

, T o t a l  $43.0, 

Experiment I n t e g r a t i o n  ( F i g .  2) : 
F l i g h t  No. 1 (209) I 

74.4 48.1 36.0 29.7 18.2 248.4 

2 ( 2 1 1 - C / D :  
3 (507) 
4 (509) 
5 (215) 

9 ( 2 2 1 - C j D j  
> 10 (516-C/D) 

11 (518-C/D) 
12 (521-C/D) 
13  (523-C/D) 
14 (229-C/D) 
1 5  (23O-C/D) 

DOD-1, C / I  
DOD-2, C/D 
DOD-3, G/D 

DOD-5 
DOD -6 

DOD-4 

Tota ls  
Xon -Add 
costs 

R e t  Qo ta i  

To ta l  $115.36 
, ?ommomali t y 

cost  
$4.63 

8.05 
6.53 
7.97 
7.42 
'5 -76 
5 .aa 

10.43 
5 -97 
7.69 
7.97 
9.86 
7 -30 

5 -94 

6.01 

9-89 
7.48 

6.28 

10.49 
10.49 
10.49 

t=33-- 
29.49 m 

-54 
1.03 
90 

3 .oo 
29.49 

I F i g .  1 Tota l  $115.361 
F ig .  2 To ta l  133.04 
Combined T o t a l  $248.40 

1 1 



F l i g h t  
,' iuo . Product ion  

1 e ; C  

1 5  (230,CjD) 
203-i, C/D 

C o s t s  ( 
n 

203-2, c/z, 
3G2-3, C/D 
DC3-L( 
D03-5 
DOS-6 

T o t a l  
Spares 

Con-0. T o t a l  

LEM Lab Cost Summary ($  i n  Mil l ions)  

Product ion 

I 

$11 95 Cr > 
1 3  .lo( r )  
12.56( r) 
13.16(r) 
1 3 .  j8( r )  
12.45(r) 
12 ,74 ( r )  
12.23( r) 

8.57 
4.53 
a .e'2 
8.94 

10 . ./Lj 

8.25 
4.10 
8.95 
7.57 
7.94 
7 037 
7.37 
7.97 

$208.38 
19 35 

$227 73 

13.63(r)  

13 .42( r )  
12 . 3 ~ (  r ) 
9.46 

11 .44  
10.13 

9.53 
11-55  

9.64 
4 .TO 
9.34 
8.57 
8.27 

ig .  4) 1 Retrof i t  H'ware Salvage 
S p r e s  , Credits Tzkw.(Fig. )+A) 
1.45* 

15 .oo* 

2.90* 

b 9  -35' 

$ 5.32 
6.01 
6.01 
5.09 
4.85 
6.01 
4.83 
6.01 

$44.21 

Alternate  
Prod. L i n e  
Mod -COS t s 
(F ig .  
I 1 & C  

$7 81 
8.28 
8.54 
8.82 
9.73 
8.53 
8.67 
7.47 

* See Fig .  4 for  Spares  cost shar ing by other f l i g h t s .  

( r )  = R e t r o f i t  of a cGrn2leted LEN. 

L n 
Y 

8.92 

9.41 
8.11 

- 
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BREAKDOWN OF LOGISTICS COST 

I 

SPEJiZS ( 5  S e t s  of New & Modified Equipment - 2 Developmental, 3 Opera t iona l )  

EPS 3 7CA $1.05 SCS 2 Horiz.  Scanners 
3 ECA .10 1 S t a r  Trackers  
3 I n v e r t e r s  .05 1 Data Proc.  
2 TaKk S e t s  .?5 1 S t m  Tracker  
1 Cr:ro Feed .O5  1 Data Proc.  
aa t t e ry  .02 1 Display 
Misc. .07 Instrum. 1 Data Storage  

$-ox5 = $10.50 1 TV Sys t .  
C r e w  Sys t .  Misc. . 1 2 ~ 5  = $60 1 Data Contr Panel  
Comunica t .  1 Audio 

Center  .05x5 = .25 ECS 1 Water Mgmt. - 
S u b t o t a l  $11.35 

$ 2 5  
50 - .05 .8Ox5 = $4.00 
c;n . /"  

.lo .lox5 = .50 - 
S u b t o t a l  $8.00 

T o t a l  Spares  $19.35 

Tra ine r s ,  Training,  & Pub l i ca t ions  

Fig. 1, D. & D. $5.00 f o r  a d d ' l .  t ra iner  (mission s imula tor )  configured f o r  
General S/C Tra in ing  Requirements. (Th i s  trainer i s  
Non-add t o  t ra iner  c i t e d  on Fig .  5 f o r  14  LEN'S ( y r . ) )  

.17 General Revision of Tra in ing  Courses 

.45 Publ ica t ion  Revis ions covering the  General LEM Lab  - conf igura t ion .  
$5.62 Tota l  

F ig .  2, D. & D. (each)  8 .26 For modifying Tra ine r  & Tra in ing  courses  
.38 For Revising and Producing Handbooks i n  support  of - i nd iv idua l  f l i g h t s .  

$0.64 Each F l i g h t  x (21) = $13.44 T o t a l  

The TraiEing and Pub l i ca t ions  Estimates have been app l i ed  as a n  average t o  
F ig .  2 s h e e t s  as t h e  e f f o r t  assoc ia ted  wi th  i n d i v i d u a l  f l i g h t s  i s  assumed t o  be 
r e l a t i v e l y  i n v a r i a n t ,  
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BREAKDOWN OF G.S.E. COSTS 

The G.S.E. e s t ima te  i s  based on developing and f a b r i c a t i n g  (4 )  sets of G.S.E. 
(2)  GAEC, requi red  f o r  new o r  modified subsystems. These w i l l  be a l l o c a t e d :  

(1) mc, (1) m. 
Fig .  1: A l l  software and hardware common t o  (3) or more f l i g h t s .  

of a l l  I - , '  .tiware i s  common t o  a l l  f l i g h t s . )  
( 9 6  

Fig .  2:  A l l  software requirements for  each f l i g h t  p l u s  a n  average (evenly  
pro- ra ted)  c o s t  of all hardware p e c u l i a r  t o  (1) or  ( 2 )  f l i g h t s .  
O f  t h e  F ig .  2 average cos t  85$ is f o r  software and 15% i s  f o r  
development and  f a b r i c a t i o n  of equipment. (Software p e r t a i n s  
mainly t o  monitoring and a s s i s t i n g  i n  t he  t e s t i n g  and i n t e g r a t i o n  
of t he  experiment package t o  t h e  S / C  i n t e r f a c e . )  

The p r i n c i p a l  a r e a s  of G.S.E. e f f o r t  are: 

E l e c t r i c a l :  

(a )  
Fac tory  t e s t  and pre-launch checkout. 
w i l l  have t o  be new o r  LEM-modified t o  accept  t h e  requi red  
s t imuli  c o n t r o l s  from ACE and t o  rou te  them t o  t h e  proper sub- 
system f o r  checkout. 

Fower d i s t r i b u t i o n  subsystem, ( b )  D a t a  management, ( c )  
ACE carry-on equipment 

F l u i d s :  

New G.S.E. i s  requi red  because of t h e  change from b a t t e r y  power 
genera t ion  sec t ion  t o  f u e l  c e l l s .  

Mechanical: 

;,EM equipment w i l l  be modified f o r  common LEM/LEM Lab usage where 
poss ib l e ,  otherwise new equipment w i l l  be provided: 

. "  
L 1  
0 

(a) New slif igs and  f i x t u r e s  due t o  C.G.  displacement.  

( b)  New handl ing/ t ranspor ta t ion  equipment t o  accommodate LEM 
Lab veh ic l e s  with e x t e r n a l l y  mounted experimental  equipment 
of odd s i z e s  and pro t rus ions .  

( c )  N e w  work platforms t o  accommodate modified ascent /descent  
s t a g e  s t r u c t u r e s ,  wi th  e x t e r n a l l y  mounted hardware. 

Handl ing/ t ransportat ion equipment f o r  f u e l  c e l l  requirements  
(SOX, SH2, e t c . ) ,  cryogenic adap te r s  and f i x t u r e s ,  cryogenic 
tank  s l i n g s ,  e t c .  

( d )  
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L E M  LAB COST ESTIMATE 

COSTING RATIONALE & METHODOLOGY 

The fol lowing explana t ion  of t h e  approach taken  by Grumman i n  prepar ing  t h e  
LEM/Lab c o s t  e s t ima te  i s  supplemental t o  t h e  gu ide l ines ,  assumptions,  and con- 
d i t i o n s  o u t l i n e d  i n  t h e  In t roduct ion  and t o  t h e  explana tory  material concerning 
t h e  c o s t i n g  of G.S.E., Spares ,  Training,  and Pub l i ca t ions .  

GE iu%RAL : 

Standard. G r m a n  es t ima t ing  procedures were used except  t h a t  t h e  
extremely l i n i i t ed  time a v a i l a o l e  f o r  cos t ing ,  subsequent t o  d e f i n i t i o n  of 
v e h i c l e  conf igura t ions ,  n e c e s s i t a t e d  minimal and abbrevia ted  s u b s t a n t i a t i o n  
~f estirrlates. Considerable  use was made of t h e  known l e v e l s  of e f f o r t  ( b o t h  
ex2erienced and es t imated  i n  d e t a i l )  f o r  similar scopes of work on t h e  
A P O L ~ / ~  program. 
n a t u r a l l y  b e n e f i t  from p r i o r  LEM experience,  G r m a n  has  been r e a l i s t i c a l l y  
conserva t ive  i n  e s t ima t ing  t h i s  e f f o r t  r equ i r ed  f o r  developing and b u i l d i n g  
t h e  LEM Lab conf igura t ions .  

Although, as a d e r i v a t i v e ,  t h e  LEM/Lab program w i l l  

The engineer ing  manhour estimates inc lude  t h e  fo l lowing  c a t e g o r i e s  : 

Laoor t c e  10 - -  Design Engineering 
Labor t y p e  11 -- 
Laoor t-e 12  -- Service  and Pub l i ca t ions  Labor 
Moor  type 13 -- G.S.E. Engineering Labor 
LaDor type 40 - -  

F l i g h t  Test Zngineering 

Manufacturing Engineer ing Labor 

The l a t t e r  ( 4 )  ca t egor i e s  a re  p r i n c i p a l l y  a s s o c i a t e d  wi th  Launch Operat ions,  
rn LraiEing,  T u > l i c a t i o n s ,  G.S.E. ( i nc lud ing  S p e c i a l  Test Equipment) and Tool ing.  
lne preponderant  e f f o r t  i s  i n  Design Engineer ing,  c o n s i s t i n g  of Subsystem Design, 
S t ress /Xa;or  S t r u c t u r e  Test, Subsystem Q u a l i f i c a t i o n ,  Dra f t ing ,  Design Support ,  and 
Docuwintat i on .  

n 

n i n e  Des iS1i Engineering estimate w a s  prepared by t h e  Zngineer ing Planning ,ind 
Controls Sec t ion ,  res2ons ib le  f o r  the es tab l i shment  and monitor ing of company-wide 
en$ceeric;  it-ldcets. The estimate was made by c o n s u l t a t i o n  wi th  t h e  LEN subsys ten  
e?&icee r i r , z  .;cctior,s suosequent t o  i n d i v i d u a l  b r i e f i n g s  by t h e  Advanced Space S;rs- 
tenis Sect ior ,  as to tne gene ra l  and f l i g h t - p e c u l i a r  S/C modi f ica t ions  r equ i r ed  f o r  
t h e  r Z Y  LLY’ z,issior.s. : v h  j o r  subcontractor  engineer ing  f o r  q u a l i f i c a t i o n - t e s t i n g  f o r  
exter.&ci l l < e  was es t imated  wi th  cons idera t ion  of t y p i c a l  t e s t  p repa ra t ion  e f f o r t ,  
t e s t  stalf~sg mci a>-,ra;ion, Kon-subsystem engineer ing  (Stress/Major  S t r u c t u r e  T e s t ,  
System SixiLil,atlon and Analysis ,  S e l i a b i l i t y ,  e t c . )  estimate w a s  based upon t h e  same 
Generdl  p ro2or t ions  of non-subsystem e f f o r t  as r equ i r ed  on t h e  LEM Program. The 
es t i i -a te  of t h e  l e v e l  of e f f o r t  requi red  f o r  major t e s t  work was based on t h e  
Progrhrn Plan Rat iona le .  
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The mawfac t  drin..; rrfiniio.dr estimates inc lude  t h e  fo l lowing  c a t e g o r i e s  : 

La-iJor t x j e  2 G  - -  Trzduction Lanor 
Larjor type  23 -- G.3.E. Fab. L a w r  
Labor type  30 -- &.C. - Inspec t ion  Labor 
Labor type  60 - -  Shipping Labor 
Labor type  74 - -  Kfg. Eng. Fab. Labor 

The p-oduct ion xanhour e s t i m t e s  were prepared hy t h e  Product ion Ana1:Is is  
Est i rzat icg Sec t ion  of t ne  Xanufacturing Dept. i n  c l o s e  l i a i s o n  wi th  Mfg. E I J T .  i'1-r- 
sor,nel ass igned t o  t h e  Ady?anced Space Systems Sect ion and with the  cognizant  manu- 
f a c u t i n g  r e p r e s e n t a t i v e s  of t h e  LEM Program organiza t ion .  Deta i led  L E M  Mfg. Flow 
Char t s ,  wi th  budget hours a l l o c a t e d  f o r  s p e c i f i c  func t ions ,  were used t o  e s t i r i t e  
t n e  e f f o r t  f o r  corresponding app l i cab le  LEM L a b  work. Some of t h e s e  func t ions  a r e :  

s c sn le  subsystems, D .Z . I . ,  v ibra t ior l ,  weigh and C.17 de-mated and mated, alignment,  
E.:4.1., experimcnt ins ta l la t ion ,  pack and ship.  For t h e  r e t r o f i t  ca ses ,  disassem- 
b l y  of t h e  'JM s t ages  w a s  es t imated on t h e  "easic.;?. way" basis ( c u t  l i n e s ,  cables, 
e t c .  if 7e rmis s ib l e ) - - the  maximum disassembly e f f o r t  p e r  veh ic l e  does no t  exceed 

fa.a.-; , , ca t ion  of a s c e n t  and descent  s tage  s t r u c t u r e ,  rot ,a te  and c l ean ,  i n s t a l l  a p p l i -  

1,600 hours .  

G.S.E. and t o o l i n z  estimate:  v e r e  nade ~ j i  es t ima t ing  s e c t i o n s  of t h e  cog;r,i- 
zan t  a s p t s  . and were m s e d  Gpon corresponding E X  worK as a p p l i c a b l e .  Indepericie1,t 
e s L h a t s a  of &. C .  - Lnspectlo:i e f f o r t  were riot mode because of t i m e  r e s t r i c t i o n s .  
I c a p e c t i o n  nai;iiOJl-S were Incluciea a t  i5$ of prodcction hours  as t h i s  i s  t h e  ai2rar;e 
experienced &mi prG;ected, on ,ne E.9 Program. 

-.. 

Learning Curves ( c o s t  iniprovenent) were not used i n  e s t i m a t i n g  LEM L a b  pro- 
d u c t i o n  c o s t s  because t i le gu ide l ines  s p e c l f i e d  t h a t  "These c o s t s  w i l l  be  compdxd 
cIy c m f i z u r a t i o n  t o  r e f l e c t  t h e  delta from c u r r e n t  iii'OLi0 Tor f i r s t  u n i t  of modified 
r,ar*dware". rlectiuse of' tile varying conf igu ra t ions  of t h e  va r ious  f l i g h t s  t h e  a l J p l i -  
cat;cn of z product ion l e a r n i n g  curve would be inappropr i a t e  except  t o  b a s i c  s t r u c -  
t :re rr,anufactur*e G n  a product ion l i n e  modi f ica t ion  basis. Th i s  amounts t o  about 
-(2$ of  t n e  cost  of t h e  "St ruc ture"  su'uystem. 
:,e a p p l i e d  t o  t h i s  po r t ion  of t h e  product ion c o s t s  us ing  t h e  percentages  p rev ious ly  
s u l m i t t e d  t o  2JASA E.&. w i th  Base LEX Data. 
rd/yr. j t o  3% (at  12/yr .  ) . 

The l e a r n i n g  curve adjustment could 

These percentages range from 95% (at  

Cost ing of r;..a:or subcont rac t  items common t o  LEM w e =  based on c u r r e n t  es t i -  
z a t e s  of 53 i tens,  finn p r i c e s  f o r  many of which have not  y e t  been e s t a b l i s h e d .  
Ir,diTiid;;ai p o r t i o n s  o r  SGbsystenii, wnere not used i n  t h e i r  e n t i r e t y  as' i n  LEM, 
-&i 3 - *L 7 3 e s t i r ~ t e b  based upon e s t ab l i shed ,  quoted, or es t imated  p r i c e s  of Spares  foi- 
tzie i24 .?rogran. 

E s t h a t e s  of r,ew echiprr,ents wcre made on tile msis of t h e  best info,mat:oc 
S t a r  t r a c k e r  and horizon sensor  c c s t s  were basea on OAO p r i c e s  p l u s  a at nand. 

-,orr.insl S rov i s ion  f o r  adap ta t ioas  expected t o  be reqiiired f o r  i n t e g r a t i o n  i n t o  t h e  
LZX Lab confi ,r ;uration. Estiniated c o s t s  of APOLLO X f u e l  c e l l s  were based on i n f o r -  
iTiitlofi rece ived  from i7i.A.A. v i a  YSC p r o j e c t  personnel .  

Es tha tes  of o t h e r  procurements f o r  modified d i s p l a y s  and c o n t r o l s ,  i n s t r u -  
:,.?r$ation, s t a b i l i z a t i o n  and con t ro l s ,  e t c . ,  were ossed on c o s t s  of s i m i l a r  equip-  
r.?r,zs on 2 3 4 .  



LEM LAB COST ESTIMATE ( $  i n  m i l l i o n s )  

Incorpora ted  i n  t h i s  f i n a l  report  are t h e  fo l lowing  changes that have teen 
made i n  t h e  Cost and Schedule Report of 16 A p r i l  1965, ' d o l .  5 of Support ing Data 
f o r  t h e  F i n a l  P resen ta t ion .  

C o s t  Changes : 

F i g .  

1 

2 

2 

2 
2 

2 
2 

4 
4 
4 
4 

4 
4 

4 

4 
4 

Pg . 
4 
- 

3 

23 

24 
25 

54 
54 

38 
39 
40 
42 

+ 43 
44 

45-47 

46 
39/55 

- 

- 
55 

55 

53 

53 

F l t  . No. 

-- 

2 (211)  

DOD-4 

DOD-5 
DOD -6 

1 (209)  
t u t a l  

i 

t o t a l  

Comb. Tot 

Changed $.5l Exper. I n t e g r .  from Dev. 
Su2pt .  t o  Tooling 

Adaed "B" Commonality. Cni;. "13" Non- 
add cos t  t o  $.75 
Decreased cos t  from $18.93 t o  
$10.49 each, (Simpler Arrangment 
f o r  i n s t a l l i n g  new a i r  1ock)DP- 
creased "H" Commonality from $3.94 
t o  $1.50 
Increase  from $4.61 t o  4 . U j  ( t y p o . e r r o r :  
T o t a l  ne t  decrease from $141 .21  t o  
$133.04 

Increase  RCS by .Og & Instrum. by . O 1  
On "i)" increase RCS by .la, EPS by .46 
(3n "D" increase RCS by .IC 
"C" I n c r .  RCS .20; "D" I n c r .  HCS .40, 
Decr. EPS .20 
"C"  I n c r .  RCS .86; "D" I n c r .  RCS by .46 
Ijecr. C r e w  Syst . by .81, Eccr . ECS 
by .I40 
Increase  s t r u c t u r e  by .17 each 

"9'' i n c r .  EPS by .45 
Reci,ice Spares (S tar -Trackers )  from 
$7.90 t o  $2.90 
Increase  t o t a l  (1 & c )  from $207.38 
t o  $208.38 
RediAce from $232.27 t o  $227.73 

Average Costs/Launch (3-14/VR) 
increased .  
GAEC Tooling decreased from $2.00 
t o  $0.30 

- - - - - - - - - - - - - 

T o t a l  f o r  ( 3  

- .--- 

Net Cost Cha.nge 

None 

Increase  of $0.25 

Decrease of $8.41+ 

Increase  of SG.02 

Decrease of $,8.i7 

C & D :  ( + )  $O.iO 
D :  ( + )  0.04 
D :  (+) G.lb 

C (+ )  .20 D ( + ) . 2 0  
C (+) .80 D (+).46 

C & D: ( - )  1.21 

C & D :  ( + )  0.51 
D :  (+) .45 

Spares  T o t a l  Red. 
t o  $19.35 
Net inc rease  ( + )  
$0.46 
Net change ( - ) $ b .  59 

(Cor rec t ion  of 
Ca lcu la t ion )  

Change .of ( - )  $1.70 
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Cost Changes (Cont)  

Other Changes 

Replaced s t u b  i t e m  Program Mgnt. eC Eng. w i th :  "Non-sub- 
system Eng." and "Progr.  Plng.  and M g m t . "  
Added Config. "D" Costs  ($9.53) 
Added tab le  of  R e t r o f i t  Hardware Credits 
Added. t ab le  of A l t e r n a t e  Cost Estimates for Prod. Line 
Mod. ( i n  l i e u  of r e t r o f i t )  
Added Rate/Yr. B r e a k  Po in t s  f o r  Add i t iona l  Non-Recurring 
Costs ( t o  14/yr . )  
New D. & D. cos t  summary (was previous ly  on page 47) 
Djew Prod. cost  summary (was previous ly  on page 47) 
Added page - Breakdown of Log i s t i c s  Costs 
Added page - Breakdown of G.S.E. Costs  
Aacied pages - Cost ing  Ra t iona l s  and Methodology 
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3 LM Lab Development Program 

3.1 General 

Tne L E M  Lab development program h a s  been formulated us ing  t h e  fo l lowing  g u i d e l i n e s :  

o N o  i n t e r f e r e n c e  w i t h  t h e  Apollo Lunar Landing Program. 

0 Updated ve r s ions  of  e x i s t i n g  LEM LTA's, TM's and system r i g s  w i l l  be used 
t o  provide an economical u se  of a v a i l a b l e  r e sources .  This  procedure w i l l  
not  i n t e r f e r e  w i t h  t h e  Lunar Landing program s i n c e  the  LEM t es t  a r t i c l e s  
considered w i l l  have completed t h e i r  r e s p e c t i v e  t a s k s  p r i o r  t o  use  i n  t h e  

Lab program. Tne LEM Test A r t i c l e s  considered are: (Reference LEM 
Schedule 3 3 ,  3-29-65) 

1. LTA-2 Avai lab le  Jan .  1967 

2. TM-2 Available J u l y  1966 

3. H S C - 1  Ph. 1 Avai lab le  Apr i 1 1966 

' 4. HSC-1 Ph. 2 Avai lab le  November 1967 

0 Kew tes t  a r t i c l e s  w i l l  be  f ab r i ca t ed  f o r  q u a l i f i c a t i o n  t e s t i n g  of t h e  
b a s i c  LEM Lab. Tliese t e s t  a r t i c l e s  w i l l  be used t o  relieve c o n s t r a i n t s  on 
launch f o r  t n e  f irst  LEM Lab mission (209) and as necessary f o r  subsequent  
missions or mission types .  

0 The experimenter w i l l  qua l i fy  h i s  experiment as a subsystem normally 18 
months p r i o r  t o  f l i g h t  da t e .  

0 I n s t a l l a t i o n  and i n t e g r a t i o n  of t h e  experiment i n t o  t h e  s p a c e c r a f t  w i l l  be  
accomplished a t  t h e  spacecraf t  c o n t r a c t o r ' s  f a c i l i t i e s .  ' 

0 The manufacturi- checkout sequence w i l l  inc lude  a n  acceptance l e v e l  
v i b r a t i o n  and system tes t  for  each f l i g h t  a r t i c l e  w i t h  t h e  experiment 
equiprr.ent i n s  t a l i e d .  

0 DOC f l i L h t s  occur ,  f o r  c o s t  phasing,  a t  two month i n t e r v a l s  upon complet ion 
of NASA f l i g h t s .  

0 A l l  missions flown up t o  f l i g h t  221 use  LEM spacec ra f t  which have been 
r e t r o - f i t t e d .  
t h e  f l i g h t  conf igura t ion .  

F l i g h t  221 and subsequent are product ion l i n e  bui ld-ups of  

0 The f u e l  c e l l  assemblies and cryogenic tanks  are developed and q u a l i f i e d  
hardware from t h e  CSM. 

The fo l lowing  c o n s t r a i n t s  on us ing  t h e  LEM as a Lab were assumed t o  have been re -  
i i e v e d  by t h e  Apollo Lunar Landing Program. 

i E4 ascent s t a g e  imn-rated f o r  space f l i g h t  
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0 S t r u c t u r a l  q u a l i f i c a t i o n  of t h e  a scen t  s t a g e  

0 Compat ib i l i ty  of  t h e  LEM and t h e  SLA 

0 LZM/CSM compa t ib i l i t y  

0 WA/S-IB and S-V compatlbllity 

0 LE4 subsystems q u a l i f i e d  f o r  launch and ambient o r b i t a l  environment. 

3.2 E M  Lab Development 

'Tne LEN Lab system development program shown in Figure  3-1 is d iv ided  i n t o  f o u r  
rna;or areas: Configurat ion Management, S t r u c t u r a l  I n t e g r i t y ,  System I n t e g r a t i o n  
and Therrral Vacuum Q u a l i f i c a t i o n .  

3.2.1 Configurat ion Management 

The development schedule  shows mockup support  beginning a t  program "go ahead" and 
cont inuing  through t h e  DO3 miss ion  conf igura t ions .  This  support  w i l l  inc lude  in -  
t e r i o r  and e x t e r i o r  l a b  and experiment arrangements and any s p e c i a l  crew-experi-  
nent-subsystem c o r , p a t i b i l i t y  s tudy  t h a t  may be requi red .  Each mission r e q u i r e s  a 
d i f f e r e n t  experiment and Lab conf igura t ion ,  t h e r e f o r e  some means must be provided 
t o  c o n t r o l  and mechanically i n t e g r a t e  a l l  t h e  d i f f e r e n t  p i eces  of  hardware. Th i s  
t a s k  is b e s t  accomplished wi th  a sof t  mockup (wood-cardboard) t h a t  can be manu- 
f a c t u r e d  cheaply and modified from conf igura t ion  t o  conf igu ra t ion  wi th  r e l a t i v e  
ease. 

3.2.2 S t r u c t u r a l  I n t e g r i t y  

Tne  L B i  Lab concept is  a d i r e c t  d e r i v a t i v e  of t h e  b a s i c  LEM s t r u c t u r e  and p r e s s u r e  
s h e l l ,  t n e r e f o r e  t h e  crew a r e a  or ascent  s t a g e  does not  r e q u i r e  b a s i c  s t r u c t u r a l  
t e s t i n g .  The equipment ca r ry ing  descent  s t a g e s ,  both low p r o f i l e  and s tandard  
depth w i i l  r e q u i r e  s t a t i c  and d p a m i c  s t r u c t u r a l  t e s t i n g  s i n c e  t h e  former i s  a new 
developnent  ana t h e  l a t t e r  i s  modified from t h e  LEM conf igu ra t ion .  Two types  o f  
t e s t  a r t i c i e s  are r equ i r ed  t o  f u l f i l :  t h i s  requirement.  The low p r o f i l e . d e s c e n t  
s t a g e  i s  r equ i r ed  e a r l y  i n  t h e  program f o r  dynamic and s t a t i c  s t r u c t u r a l  t es t s  i n  
sLic?ort of Mission 211. This  mission is  t h e  f i r s t  f l i g h t  u t i l i z i n g  a low p r o f i l e  
d e s c e m  s t age ,  t h e r e f o r e ,  t h e  s t r u c t u r a l  i n t e g r i t y  c o n s t r a i n t  must be r e l i e v e d  
p r i o r  t o  launch. 
(? ig .  3 - 2 ) ,  prel iminary design i s  s t a r t e d  i n  advance o f  go-ahead i n  o rde r  t o  meet 
t 're r equ i r enen t s  f o r  supplying hardware fo r  s t a t i c  and v i b r a t i o n  tes ts  as w e l l  as 
systeni Lntegra t ioo  and v e r i f i c a t i o n  p r i o r  t o  f a c t o r y  assembly of t h e  213 v e h i c l e .  

I n  t h e  l o w  p r o f i l e  descent  s t a g e  development schedule  shown 

n.  ne s t a n a a r d  descent  s t a g e  t e s t  a r t ic le ,  i s  r equ i r ed  f o r  s t a t i c  and dynamic s t r u c -  

s;3;eq.uent. Tkis  i s  t h e  f i rs t  mission t o  use  t h i s  modified s t a g e  and t h e  Design 
n:-.;$neering Ir ,spection of mission 507 f l i g h t  a r t i c l e  w a s  s e l e c t e d  as a completion 
dsLe for s t r u c t u r a l  t e s t i n g  of tne t e s t  a r t i c l e  i n  o rde r  t o  provide s u f f i c i 5 n t  lead 
t h e  for upaat ing  t h e  f l i g h t  hardware if  requi red .  The ETA-1 is  used as a 
Gr.a.xm s t r u c t l i r a l  t e s t  ar t inle  i n  support  of t h e  va r ious  experiment i n s t a l l a t i o n s .  

- tes ts  of t h e  reconf lgured  Lab descent s t a g e  i n  support  of mission 507 and 
-7 
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Wkrever  primary or secondary s t r u c t u r a l  modi f ica t ions  a r e  incur red  as a fut:ction 
of t h e  experiments t h e  s t r u c t u r e  must be r e q u a l i f i e d  f o r  both t h e  dynamics of 
launch and p res su re  s h e l i  i n t e g r i t y  w h e r e  modi f ica t ions  t o  t h e  p re s su re  s h e l l  are 
involved. Th i s  i s  best  accomplished i n  t h e  fol lowing manner. S t r u c t u r a l  modif i -  
ca t ions  w i l l  be  incorporated i n  t h e  s t r u c t u r a l  t e s t  a r t i c l e s  and g iven  proof type  
s t a t i c  arid v i b r a t i o n  tests.  A t  t h e  same time, t h e s e  modi f ica t ions  w i l l  be  made i n  
t h e  f l i g h t  a r t i c l e  and f i n a l  q u a l i f i c a t i o n  type modal and p res su re  t es t s  on t h e  
f i i g h t  a r t i c l e  w i l l  be made during fac tory  assembly and checkout p r ior  to shipment. 
t o  ETR. 
a jud ic ious  and economical manner, i n  support  of t h e  va r ious  missions.  

To accor&lish t h e  modal v i b r a t i o n  tests on t h e  two new descent  s t a g e s ,  an  a scen t  
s t a g e  s t r u c t u r e  or s imula tor  is requi red .  
snown i n  F igu re  3-3 is a v a i l a b l e  for t h i s  purpose. I ts  a scen t  s t a g e  has  t h e  
a p 2 r o x i m t e  weight and i n e r t i a l  values of t h e  LEM Lab, has  p r o p e l l a n t  tank  b a l l a s t  
t h a t  can be removed, and can be e a s i l y  modified s i n c e  it is  a b o i l e r p l a t e  s t r u c -  
ture. 

Th i s  procedure w i l l  permit  t he  minor modi f ica t ions  t o  be accomplished i n  

The LEM dynamic tes t  a r t i c l e  LTA-2, 

3.2.3 System I n t e g r a t i o n  

3 , e  t a s k  of i n t e g r a t i n g  the  subsystems and var ious  experiment equipment i n t o  a 
f u n c t i o n a l  spacec ra f t  has been assigned, i n  t h i s  study, t o  a two-phase House 
Spacec ra f t  as i n  t h e  LEX Program. 3-,e same Rig and Test A r t i c l e ,  namely*the ESI 
Rig and ETA-1,  used on LEM are a v a i l a b l e  f o r  system i n t e g r a t i o n  for  t h e  L E M  Lab 
Giss ions .  A s  
can be seen from t t i i s  p i c t u r e  t h e  ESI r i g  i s  more than a bench i n s t a l l a t i o n  and i s  
a n  a c c e s s i b l e  r ep resen ta t ion  of t h e  LEM Lab. The ESI r i g  i s  a v a i l a b l e  w e l l  i n  ad- 
vance of UM-Lab requirements and LTA-1 can be phased i n  f o r  t e s t i n g  t h e  mission 509 
conf igp ra t ion .  

System i n t e g r a t i o n  t e s t i n g  i n  t h e s e  Lab House Spacecraf t  (LHSC) has  been l a i d  ou t  
t o  f i r s t  i n t e g r a t e  t h e  b a s i c  LEI4 Lab subsystems, ECS, EPS, FCS, Ins t rumenta t ion  
and Corrmunication and then  add experiment hardware i n  a continuous bu i ldup  process  
u n t i l  a l l  experiment/spacecraf t  conf igura t ions  are covered. 
des ign  suppor t ,  GSE and ACE eval-uation and ope ra t ions ,  E l e c t r o n i c  Systems I n t e -  
g r a t i o n  (ESI) and Electromagnet ic  In t e r f e rence  (MI). 
experiment i n t e g r a t i o n  r e q u i r e s  t h e  minimum amount of  r econf igu ra t ion  t i m e  s i n c e  
aany experiments and groups of experiments r e p e a t  on later missions.  The expe r i -  
r..enZer i s  expected t o  provide func t iona l  hardware, p re fe rab ly  f l i g h t  weight ,  fo r  
5iis t e s t i n g  a long  wi tn  t h e  necessary experiment ground support  equipment. 

F igu re  3-4 shows tne LEN ESI r i g  p r i o r  t o  equipment i n s t a l l a t i o n .  

Th i s  procedure w i l l  avoid bu i ld ing  a n  e n t i r e l y  n e w  HSC. 

T e s t i n g  w i l l  inc lude  

The bui ldup  concept of 

System i n t e g r a t i o n  t e s t i n g  i s  scheduled t o  be  completed p r i o r  t o  t h e  start of 
Tactory assenioly and checkout of t h e  f l i g h t  a r t i c l e .  

5.2.4 Thermal-Vacuun; Q u a l i f i c a t i o n s  

A ~ e  t h e r m l  v a c u m  t e s t  program includes both a n  engineer  in& des ign  v e r i f i c a t i o n  
2rogmzi a t  Grmmin and a thermal vacuum demonstratlon propam i n  t h e  man-rated 
2fia:xbers a t  XSC.  T'ne f i rs t  phase of t n i s  t e s t i n g  i s  conducted us ing  another  p i e c e  
of LEV: p r o g r m  hardware; namely, t h e  thermal  vacuum tes t  mociel, TM-2. Th i s  t e s t  
a r t i c l e  i s  a v a i l a b l e  f o r  modi f ica t ion  and t e s t i n g  of  t h e  mission 209 conf igu ra t ion  
a t  p r o g a n  go-ahead and may be updated easily t o  t h e  mission 507 conf igura t ion .  
l ~ v ~ - 2  u s e s  thermal  s imuia t ion  techniques for  subsystem inpu t s  and t h i s  same method 
r.q be seed f9r e ' q e r i n e n t  ir ;puts.  After v e r i f i c a t i o n  of t h e  f irst  few tiiissioins 

. *  
r-7- 
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t h e  same philosophy adopted f o r  t h e  House Spacecraf t  i n  experiment bu i ldup  t o  t h e  
var ious  "thermal" miss ions w i l l  be followed. Experiment hardware i s  not  r equ i r ed  
f o r  these tests,  b u t  t h e  experimenter should provide a thermal s imula t ion  model 
o r  s u f f i c i e n t  d a t a  t o  permit t h e  cor rec t  thermal  inpu t s  t o  t h e  Lab. 

For v e r i f i c a t i o n  of t h e  mission 211 conf igura t ion  a new low p r o f i l e  descent  s t a g e ,  
designated LPDSTA-2, w i l l  be requi red  for  support  o f  t h e  t e s t  program. 

Thermil Va~nim demonstration c o n s i s t s  of a n  e x e r c i s e  of t h e  subsystems under vary-  
ing missiob duty cyc le s  and e x t e r n a l  thermal-vacuum environments as a f f e c t e d  by 
o r b i t a i  p lane  and v e h i c l e  a t t i t u d e ,  wi th  nominal or o f f  -nominal experiment thermal  
inpu t s .  Again, t h e  same philosophy i s  app l i ed  i n  t h i s  phase of t e s t i n g  a t  MSC t h a t  
was used f o r  t h e  House Spacecraf t  and thermal-vacuum v e r i f i c a t i o n ,  i. e., t h e  v a r -  
ious "thermal" missions w i l l  be demonstrated r a t h e r  than  ind iv idua l  f l i g h t s .  The 
deinonstrations a l s o  inc lude  manned T/V and mated CSM/LEM Lab tests as requ i r ed  t o  
r e l i e v e  CSM/LEM Lab i n t e r f a c e  cons t r a in t s  developed as a func t ion  o f  missions.  

In  o rde r  t o  acconpl i sh  this a n  e n t i r e l y  new tes t  a r t i c l e  w i l l  be r equ i r ed ,  des ig-  
nated U T A - 1  (LEM Lab Test A r t i c l e )  and inc ludes  a scen t  s t a g e ,  low p r o f i l e  descent  
s t a g e  (LPDSTA-3) and s tandard  depth descent  s t age .  Fabr i ca t ion  begins  a t  program 
"go-aheaa." An a l l  systems opera t ing  v i b r a t i o n  t es t  is  conducted p r i o r  t o  . sh ip -  
ment or' t h i s  ar t ic le  t o  NASA-MSC. T h i s  v i b r a t i o n  t e s t  r e l i e v e s  t h e  f inal  s t r u c -  
t u ra l / sys t em i n t e g r i t y  c o n s t r a i n t  fo r  t h e  211 mission. 

3.3 Experiment/Spacecraft  In t eg ra t ion  

I n t e g r a t i o n  o f  t h e  experiments i n t o  t h e  LEM Lab s p a c e c r a f t  i s  a three phase e f for t ;  
des ign  and development, system v e r i f i c a t i o n ,  and f i n a l  assembly and acceptance.  

The des ign  and development phase i s  p r imar i ly  concerned wi th  d e f i n i n g  t h e  s t r u c -  
tu ra l ,  mechanical,  e l e c t r i c a l  i n t e r f a c e s  between t h e  experiments and t h e  space-  
c r a f t  and, t h e  i n t e r i o r  arrangement and a s t r o n a u t  u t i l i z a t i o n  o f  t h e  experiment 
c o n t r o l s  and d i sp lays .  
a p p r o p r i a t e  experiment mockups should be provided by t h e  experimenters  t o  support  
:,his e f f o r t .  

Two mockups of t h e  s p a c e c r a f t  have been proposed and 

System V e r i f i c a t i o n  i s  concerned with t h e  s t r u c t u r a l  dynamic response of t h e  LEM 
Lab w l t n  experiments installed,  thermal c o n t r o l  of  t h e  experiments u t i l i z i n g  t h e  
s p a c e c r a f t  heat t r a n s p o r t  s e c t i o n  and e l e c t r o n i c  system i n t e g r a t i o n .  
t h e r m 1  and house-spacecraf t  t es t  a r t i c l e s  have been proposed t o  suppor t  t h i s  
e f f o r t  and appropr i a t e  dynamic and thermal s imula to r s  should be provided by the 
experimenter  . 
S e l e c t e d  t h e r r a l  vacuum demonstration tes t s  are sheduled t o  be performed in' t h e  
sFace sirr,uiation chambers a t  MSC.  
skould  provide pro to type  experiments. 
are warracted appears  t o  be depencient upon t h e  v a r i a t i o n  i n  t h e  the rma l  mission as 
a r e s u l t  of t h e  d i f f e r e n t  f l i g h t  p r o f i l e s ,  i. e. ,  low i n c l i n a t i o n ,  p o l a r ,  synchro- 
nous, and t h o s e  experiments which provide s i g n i f i c a n t  inputs  t o  t h e  thermal  c o n t r o l  
systems,  o r  t h e  experiment i s  s e n s i t i v e  t o  t h e  thermal c o n t r o l  provided b y ' t h e  
s p a c e c r a f t  ECS. 

Dynamic, 

In support  of t h e s e  tests t h e  experimenter 
S e l e c t i o n  of missions f o r  which such tes ts  
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The e l e c t r o n i c  system i n t e g r a t i o n  e f f o r t  r e q u i r e s  f u n c t i o n a l  experiment equipment 
t o  v e r i f y  t h e  a c c e p t a b i l i t y  of  t h e  i n t e g r a t i o n  of t h e  experiments i n t o  t h e  space- 
c r a f t  and EMI, ACE and GSE compat ib i l i ty  checks of t h e  LEM Lab. 

Fina1,assembly and acceptance is accomplished i n  t h e  LEM Lab f i n a l  assembly and 
checkout area. The completed labora tory  i s  checked out  completely dur ing  t h i s  
phase p r i o r  t o  shipment t o  t h e  ETR. System checks,  v i b r a t i o n  tests,  EMI, weight 
and C. G. checks are conducted at t h i s  time wi th  t h e  spacec ra f t  systems supported 
by ~ ~ p r o p r 1 a t . e  C,SE and u t i l i z i n g  t he  9,CE. The experimenter should pru<j& saffi- 
c i e n t  GSE and record ing  equipment t o  monitor t h e  performance of t h e  experiment 
'equipment throughout t h i s  phase of f i n a l  assembly and acceptance.  

3.4 Prelaunch Operat ions 

P r e i a m c h  opera t ions  performed a t  the Eas t e rn  Test Range (ETR) w i l l  c o n s i s t  of 
checkout of t h e  TXM subsystems and t h e  experiments,  and v e r i f i c a t i o n  t h a t  t h e  
In t eg ra t ed  l abora to ry  i s  ready f o r  f l i g h t .  

Two r e p r e s e n t a t i v e  checkout flow diagrams are shown i n  F igu re  3-5 which d e s c r i b e  
t h e  requirernents of a l l  LEI Lab missions,  The b a s i c  d i f f e r e n c e  between t h e s e  two 
flows is t h e  need f o r  using t h e  hypergol ic  tes t  f a c i l i t y  f o r  those  Lab conf igura-  
t i o n s  havlng React ion Cont ro l  Systems ( R C S )  . 
checkout i s  accomplished i n  t h e  Manned Spacecraf t  Operat ions Building (MSOB) i n  
p l a c e  of t h e  rormai LEN Kavigation and Guidance checkout. 
t i o z  was examined t o  determine t h e  impact of experiment hardware on prelaunch 
checkout with t n e  r e s u l t  t h a t  a d d i t i o n a l  checkout times are r e w i r e d  i n  t h e  MSOB 

S t a r  t r a c k e r  and hor izon  senso r  

Each missiop conf igura-  

ar;d t h e  

The LEI4 

0 

0 

0 

0 

0 

Radio Frequency Test F a c i l i t y  (RFTF). 

Lab flows were e s t a b l i s h e d  us ing  t h e  fo l lowing  assumptions: 

Eacn week c o n s i s t s  of 5 working days, 2 s h i f t s  pe r  day 

VAB Flow is 15 working days (ref a)  

Launch ?ad f l o w  i s  14 working days (ref b )  

ACZ-S/C i s  used for basic l ab  subsystems 

Large and/or complex e x t e r n a l l y  mounted experiments, i. e., sa te l l i t es ,  
caxeras ,  t e l e scopes ,  w i l l  be checked out i n  parallel  wi th  t h e  Lab and 
i n s t a l l e d  i n  t h e  Ldo at t h e  RF f a c i l i t y  wi th  f i n a l  checkout i n  t h e  MSOB. 

* 

The t o t a l  flow t imes of 50 and 60 working days f o r  t h e  two r e p r e s e n t p t i v e  Lab con- 
f i b v a t i o n s  are less than  t h e  est imated 99 working days f o r  a b a s i c  LEN ana  re- 
f l e c t s  a saving i n  t i m e  through t h e  d e l e t i o n  of LEM subsystems, p r imar i ly  propul-  
s ion.  

- - - - - -  
a.  

1;. 

GAZC Pi0 &lo-58, Launch Complex 39, CSM/IJM I n t e g r a t e d  

GAEC LED 5AO-12, AME"F Volume I1 P r e f l i g h t  Sequence of 

Flow, 11-11-64 

Events,  10-30-64 
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S-1B = Lsunch Pad 
S-V = VAB + Launch Pad. 

Lab Conf igura t ion  
Subsystem 

A 

?, RF Mated 
4 / W ,  Exp. Align & C/O 

S-1B = Launch Pad 
S-V = VAB + Launch Pad. 

Def n . 

Pre Chamber & Chamber C/O 
. MSOB Miss. Simulation & Exp F i n a l  C/O 

1. 
2. 
3. 
4. 
5. 
6 .  
7. 
8 .  
9. 

I 

S t r u c t u r e  - AIS eC D/S 
ECS - Asc eC 39sc 33d. 
Crew _Provisions 
Kech. S y s t m s  
I n s t r u .  - 1x1. Sf,ar Track. 
EPS - Power Peck Rad , 
Comm. CK/W- Intercorn 
Cont ro ls  & I?ispl2ys - EX?.  
Experirrenf, - ? l k ~ h  8 E l e c t .  

Tab Conf igura t ion  
Subs ys  tern 

MSOB - Manned Spacecraf t  Opn. Bldg 
FCTF - Fuel  C e l l  Tes t  F a c i l i t y  
HTB - Hypergolic Tes t  F a c i l i t y  
RFTF - Radio Frequency Tes t  P a c i l i t y  

I 

Fig. 3-5 ETR Checkout Flow 
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4 Manu-dcturing P-an 

4 . 1  In t roduc t ion  

Tlie manufacturing t a s k s  a s soc ia t ed  with t h i s  s tudy were t h e  development of manu- 
f a c t u r i n g  schedules ,  t a s k  d e f i n i t i o n s ,  and c o s t s ,  w i th in  t h e  fo l lowing  g u i d e l i n e s .  

Kaximum u t i l i z a t i o n  of LEM technology, hardware, t o o l i n g ,  equipment, dnd 
f a c i l i t i e s  without  i n t e r f e r i n g  with,  o r  a f f e c t i n g ,  t h e  LEN program scheaule  
o r  c o s t s .  

A l l  missions u? t o  a n a  inc1l;ding f l i g h t  $219 w i l l  s tart  wi th  a completed 
LEYI veh ic l e  (LE24 4 i s  t n e  base l ine)  and w i l l  r e q u i r e  s t r i p p i n g  t h e  space- 
c r a f t  t o  i t s  b a s i c  s t r u c t u r e  and r e t r o f i t t i n g  i t  t o  t h e  r equ i r ed  f l i g h t  
conf igu ra t ion  . 
F l i g n t  #221 and suusequent w i l l  be product ion l i n e  modi f ica t ions .  

LEVI Hardware components should be r e t a ined  i n  t h e i r  o r i g i n a l  l o c a t i o n s  
whenever 2 o s s i o l e .  

Addi t iona l  ho le s  i n  t h e  Ascent S tage  Pressure  Vessel w i l l  b e  permi t ted  
only  when demanded ~y experiments.  

Design el ' for t  should s tandard ize  l o c a t i o n s  of experiments,  e l e c t r i c a l  
power sapply,  and a d d i t i o n a l  environmental  c o n t r o l  system computer. 

k.2 Tool ing  

Cne o l  t h e  c a s i c  gu ide l ines  of tnis study assiiiies t h a t  a l l  W, t o o l i n g  and 
f a c i l i t i e s  will be ava i l a i j l e .  
s tudy .  
i s  r equ i r e6 .  

The Lcw-Profile Descent S tage  w i l l  r equ i r e  an "adapter"  t o  t h e  p re sen t  LEM descent  
stase s t r c c t u r e  jig t o  enaole  f i n a l  assembly. 
p e r n i t  the , . ; t i l izatio;;  of t h e  subassembly t o o l i n g .  A docking r i n g  adap te r  s e c t i o n  
w i ; l  
r i r .g  m i d  tunriel  w i l l  t;e b u i i t  in subassembly f i x t u r e s  and i n s t a l l e d  i n  t h e  descent  
s tsze j rh i ie  it i s  i n  t h e  word s t and .  The need f o r  v e r t i c a l  c l ea rance  d i c t a t e s  t n i s  
;r,ethoZ,. T o o l i n g  adap te r s  should not a f f e c t  t h e  a b i l i t y  of t h e  p re sen t  LEM t o o l i n g  
t o  ..sroduce Liinar Laridirig Vehic les ,  

h e  t o  t h e  increased  t i x e  1:i or i j i t ,  thermal  and micrometeoroid s h i e l d i n g  has i n -  
sLi f f lc ien t  t h i c m e s c .  Tke a n t i c i p a t e d  th i ckness  requirements w i l l  be  approxiniately 
docole, t L u s  t n e  "3rapl'  ce thod  of i n s t a l l a t i o n  may be a f f e c t e d .  No hea t  s h i e l d i n g  
L o r  e r i ~ i n e  exha;;st w i l l  be rec,i;ired on t h e  bottom of t h e  descent  s t a g e s  (30" o r  
66") arid 8 new s i n g l e  ? lane  thermal  micrometeoroid s h i e l d  w i l l  b e  u t i l i z e d .  

This  e l imina te s  t h e  need of a f a c i l i t y  loading  
Tooi ing i s  r equ i r ed  only due t o  conf igu ra t ion  change. No rate t o o l i n g  

The same type  of "adapter"  would 

The docking aaded to t h e  low-prof i le  descent s t age  on c e r t a i n  f l i g h t s .  

c 
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4 . 3  Procluct ion 

The Nandfticturing T a s k s  a s soc ia t ed  with t h e  product ion of t h e  LEM Lab Spacecraf t  
are similar i n  rnany r e spec t s  f o r  each f l i g h t .  
f o r  each f l i g n t  conf igu ra t ion ,  e i t h e r  r e t r o f i t  o r  l i n e  modi f ica t ion  c l a s s i f i c a t i o n .  

Al; Eietrof l t  Venicles  w i i l  u t i l i z e  as t h e i r  b a s i c  s t r u c t u r a l  assembly, com2leted 
L 3 4  Spacecraf t  s t r i p p e d  of unnecessary hardware. The strip-down w i l l  remove sub- 

t h a t  r r A 4 C L - n  +LA ^&-.-+..-,. *_.. +L,. 

equlpment w i l l  be damaged, (F igs .  4-1, 2, 3, 4 ) .  I n  genera l ,  a l l  subsystem hardware 
w i l l  b e  r e tu rned  to inventory  f o r  fu tu re  use .  Items such as propuls ion l i n e s ,  
e l e c t r i c a l  harnesses ,  coolant  loops,  and thermal  s h i e l d i n g  w i l l  no t  be salvaged, 

The fo l lowing  tasks are requ i r ed  

s;;st,-;r, 'riardusrz f r ~ n  t h e  s t r u c t u r z  i n  s;zh a way L 1 C 1  CILICL IrlIC 3 C I I  UL C I U I  c L l V L  bL1C 

Afte r  t h e  strip-down i s  c o q l e t e d ,  both s t a g e s  w i l l  be c leaned p r i o r  t o  e n t r y  i n t o  
t n e  r ' l n a l  Assembly area. The Ascent S tage  w i l l  t hen  be l e a k  t e s t e d  a t  5 + p s i  t o  
cneck f o r  l e a k s  introduced during the  s t r i p p i n g  ope ra t ion .  Both s t a g e s  w i l l  t hen  
~e reaay  f o r  f i n a l  assembly, (F ig .  4-5). . 

!he "Line i4odi f ica t ioz"  Vehicles w i l l  not  r e q u i r e  any s t r i p p i n g  as t h e  Basic  
S t  I -,.. uLtma l  . 0 

9 ar,d 10. Systerrs not requi red  w i l l  be e l imina ted  from t h e  schedule .  
:Icciification" manufacturing t a s k s  w i l l  be similar t o  those  of t h e  LEM Spacec ra f t .  
S t r u c t u r a l  itens Lot reqii ired,  such as navigat ion base, p r o p e l l a n t  tank  s k i r t s ,  
e t c  . , can be e l3n ina ted  ana replaced w i t h  less expensive load-bearing members. 

Assernuiy w i l l  oe modified as requi red  dur ing  bui ldup,  F i g s .  4-6, 7, 8, 
The "Line 

4.4 Final Assemoly ana Acceptance 

The F l n a l  Assembly sequence w i l l . b e  i d e n t i c a l  f o r  both t h e  r e t r o f i t  and l i n e  
modi f ica t ion  t ine v e t i c l e s ,  ( F i g s .  4 - 1 1  and 12 ) .  The F i n a l  Assembly Cycle w i l l  be  
s h o r t e r  f o r  t h e  r e t r o f i t  due t o  fewer system i n s t a l l a t i o n s .  
i r i s t a l l a t i o n  sequence i s  as fol lows:  

The assembly and 

e Rota te  and Clean 

o iristall EPS, ECS, RCS, as Required 

o Cola Flow I n s t a l l e d  Systems 

0 Rota te  arid Clean 

0 I m t a i i  aernsirilng Systems and Experiments 

e Xate both Stages and Viorate  - Demate 

0 Conduct Design ErLgineering Inspec t  ion  ( D E I )  

o ;:.atail Yiiemai ana Mlcrometeoroid S h i e l a i n g  

e 

e 

'rj,igh each Stage  arid Determine Center  of Gravi ty  

Xzte Doth S tages  arid Determine Combined Center of Gravi ty  



0 Opt ica l ly  Align Systems and Experiments as Required 

0 Conduct Electro-Nagnet ic  In t e r f e rence  (EMI) Tests 

... 
- t i  

cr 

0 Conduct Factory ana ACE Checkout 

0 i 'repare, Pack and Ship  
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5.  Support Progrm 

5 . 1  In t roduc t ion  

T ~ - P  -_-- --==-- S!;r,nnrt. p r ~ g r a y ~  is alsc based iipon m s x i m i i m  i j ~ e  ~f LEM t.~rhy?nlngy; equipment. 
f a c i l i t i e s .  
rlent ( S T E )  , Automatic Checkout Equipment (ACE), t r a i n i n g ,  pub l i ca t ions ,  . t r a i n e r s  
sn?i s i c u l a t o r s ,  spa res  provis ioning,  and s i t e  a c t i v a t i o n ,  

and 
Support comprises Ground Support Equipment (GSE), S p e c i a l  Tes t  Equip- 

5 .2  SGpport Plans 

Sippor t  p l ans  w i l l  be  prepared t o  accomplish and c o n t r o l  t h e  support  program. The 
p a p o s e  of t h e  p l a n s  i s  t o  s ta te  t h e  problem and show t h e  s o l u t i o n  and schedule  of 
even t s  which comprise t h i s  s o l u t i o n .  
t n e  LElY Lzo support  phase: 

The fol lowing p l ans  have been p ro jec t ed  f o r  

0 3evelopnent support  equipment plan 

o Documentation p l an  

0 Spare p a r t s  p l an  

o GSE/STE modif ica t ion  p l an  

o S i t e  a c t i v a t i o n  p l an  

o GSE/STE provis ioning  p lan  

o Train ing  p l an  

o GSE d e l i v e r y  schedule . ..< 

5.3 Gromd Support  Equipment 

: - A  

c :-? 

The concept  of erxpioying a modified LEM as a n  o r b i t i n g  l abora to ry  n e c e s s i t a t e d  an 
ar,al;rsis of e x i s t i n g  -APl GSE t o  determine i t s  a v a i l a b i l i t y ,  a d a p t a b i l i t y  and a p p l i -  
c a - o i l l t j .  to tiils p-ogran.  I n  order t o  keep c o s t s  t o  a minimum an e f f o r t  was made 
t o  eltrier u t i l i z e  e x i s t i n g  LEM GSE or ,  i f  feasible, make minor modi f ica t ions ,  where 
t ' r e  z o 5 l f i c a t i o n  W O U L ~  not  i n t e r f e r e  with t h e  p r e s e n t  program. 
ecvis ioned ,  is tiat n e : e s s l t a t e d  by a new conf igu ra t ion  (veh ic l e  or sys tem) .  

Tke fol1owLng ass.cin;ptions were e s t ab l i shed  i n  ana lyz ing  t h e  LEM GSE and STE: 

The only new GSE 

0 All LEM GSE app l i cab le  t o  t h e  'UEM Lab w i l l  b e  a v a i l a b l e ,  and no c o n f l i c t  
Ir SchedLirig o r  q u a n t i t i e s  e x i s t s .  

e I t l c i f i c a t i o n s  to L,EM GSE w i l l  not  i n t e r f e r e  wi th  t h e  e x i s t i n g  LEM program. 

0 ACE w i l l  be used t o  checkout t he  LEM Lab a t  bo th  Grumman and ETR. 



0 ACE w i l l  no t  be used t o  checkout t h e  experiments.  

e Exis t ing  LEM f a c i l i t i e s  (a t  Grumman and elsewhere)  are adequate fo r  t h e  
LS4 L a b .  

e GSE arid STE f o r  t h e  f u e l  c e l l s  are a new procurement. 

0 Tiie experimenter w i l l  be respons ib le  f o r  a l l  app l i cab le  a s t r o n a u t  t r a i n i n g ,  
experiment s imula to r s  and GSE requi red  t o  checkout t h e  experiment.  

0 For a l l  new GSE o r  adapter  assemblies t o  e x i s t i n g  LEM GSE fou r  ( 4 )  sets w i l l  
be requi red  : 

2 sets Grwman (one - development, one - f ina l  checkout) 

i s e t  MSC 

1 se t  

5.3.1 E;eztronic  GSE 

r-r- l L A e  g r e a t e s t  impact on t h e  e l e c t r o n i c  support  equipment l i e s  i n  t h e  e l e c t r i c a l  power 
g e r e r a t i o c  and d i s t r i - au t ion ,  and d a t a  management subsystems. These subsystems w i l l  
reyu;;c cew o r  modified GSE, while  the remaining subsystems wi l l  be compatible wi th  
e:tlstl,lg equipaents  , 

%:e s i i t sys ten  and system checkout of t h e  LEM Lab w i l l  be  accomplished u t i l i z i n g  
ACE. This a p p l i e s  LO t n e  development t e s t i n g ,  f i n a l  and pre-launch checkout ,  
TzerefGre, sew ACE programs, adapter  cab le s ,  ana car ry-on  equipment w i l l  be requi red  
f o r  those  subsystems p e c u l i a r  t o  tne  LEM Lab. The programming t a s k  i s  performed by 
t h e  Genera; E l e c t r i c  Co. 
i n J e  a d  f'oixat of tile programming d a t a  which Grumman must supply t o  GE. 

Therefore,  cons ide ra t ion  was only Riven t o  t h e  qi iant i ty ,  

Support  or' t h e  ?Lei c e l i  s ssembl ies  is  a new t a s k .  
f ~ r  t h e  Pdel c e i l s ,  c o n s i s t s  of  equipment capable  of  monitoring r e a c t a n t  tempera- 
txres, p r e s s i x e s  flow rates, as w e l l  as so lenoid  va lves  t o  purge, f i l l  and detank 
t h e  cryogenic  storade system. In a d a i t i c n  c e r t a i n  f u e l  c e l l  power supp l i e s ,  simu- 
lators ana za;atensnce jench  tes t  equipments w i l l  be  requi red  f o r  t h e  development 
G L ~  f l r i a l  checkout phase.  

The support  equipnent  requi red ,  

5.3.2 Xec tan ica i  GSE 

;;e( 'ranlca; sL2poi-t inclcldes f l u i d  t e s t ,  assembly, handling, t r a n s p o r t i n g ,  s e r v i c i n g  
a 2  a l i g m e n t  e G d i p e n t .  IK General, a pre l iminary  review of t h e  mechanical GSE 
;:iZ;lzates ;tat t k e r e  i s  a h i 3  degree of  c o m o n a l i t y  between the  LEM Lab and t n e  
exist2rig LXX ?roGrac. Xew o r  nodi f led  se rv ic ing ,  handl ing and t r a n s p o r t i n g  equip-  

" s a l i  G:~" iype nioGiYiZatioL k i t s  w i l l  be  used where f e a s i b l e  i n  o rde r  t o  minimlze 

PL*otr;siocs due t o  hardware assoc ia ted  wi th  t h e  experiments w i l l  r e q u i r e  new en- 
viron,ie;?tGl covers  z A C  some minor modi f ica t ions  t o  LEM t r a n s p o r t e r s .  
illl:rcatc ir, t k e  q u a n t i t y  of f l a i d  t e s t  equipment r equ i r ed  due t o  t h e  a d d i t i o n  of 
CSX yue1  c e l l s  on t h e  LEM Lab. 

," .ILLLLt ?r wiii se Llececsdi-y dcle t o  the  var ious  new v e h i c l e  conf igu ra t ions ,  Conventionaf 

- r  LLLe x 0 2 e  of t he  x o c i i i c a t l o n s ,  a d  not  des t roy  i t s  u s e f u l r e s s  t o  t h e  LEN Program. 

There i s  an 
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5.1.3 Spares  

r T  iiie spai-es procrax for t h e  LE4 Lab s h a l l  be separa ted  i n t o  two c a t e g o r i e s ;  Develop- 
Gent arid Opera t iona l .  Developnect spares  are def ined  as t hose  which support  t h e  ' 

fab i - lcs t lox  arid t e s t i n g  of product ion a r t i c l e s  u n t i l  t h e  d a t e  of acceptance .  Oper- 
h t i o n a i  s2ares are der ined  as those  required t o  support  t h e  product ion a r t i c l e s  
:'i-GTi t h e  date of acceptance through f l i g h t  d a t e .  

All e l e c t r o n i c  equipcent  w i l l  be spared at s i t e  on a removal and replacement basis. 
X t  ami p iece  support  w i l l  be pa in ta ined  a t  vendor o r  c o n t r a c t o r  f a c i l i t i e s  i n  a 
bozded Eti-ea. There w i l l  be no on s i t e  r e p a i r .  

E iec t ro-xecnanica l  and mechanical equipment w i l l  be rep laced  as a u n i t .  
ke accoapi i shed  on s i t e  i f  t h e  c a p a b i l i t i e s  ex i s t ,  o r  re turned  t o  t h e  vendor o r  
cor,trctctor. 

Repair w i l l  

Gromd sLpport equipment/spec iai t e s t  equipment w i l l  be maintained at  t h e  lowest  
.rep;acejo;e l e v e l  a e F n d e n t  upon s i t e  c a p a b i l i t i e s .  

5.4.4 S i t e  Support 

Yt:e c m t r a c t o r  will p o v i d e  t h e  requi red  number of q u a l i f i e d  personnel  t o  maintain 
tkLe s p x e c r s f t  a d  groxnd supsor t  eqiiipment u t i l i z i n g  t h e  e s t a b l i s h e d  ope ra t iona l  
procedures  at t h e  va r ious  sites. The c o n t r a c t o r  w i l l  manage and coord ina te  t h e  
pro;rzs, inc lLding  vendor personnel  as appropr i a t e .  Grumman w i l l  a c t i v a t e ,  sub- 
s t a i n  and n a l n t a l n  all G r u m m a n  provided ground support  equipment and spacec ra f t  a t  
ETR, bSC and Grwnman.  

I- 
I" .-.- 
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